Oil-in-water microemulsions stabilized by 3-(N,N- dimethylalkylammonio)propanesulfonate surfactants of varying alkyl chain length: solubilisation of testos-terone propionate by Hsieh, Chien-Ming et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
King’s Research Portal 
 
DOI:
10.1016/j.ijpharm.2017.03.074
Document Version
Peer reviewed version
Link to publication record in King's Research Portal
Citation for published version (APA):
Hsieh, C-M., Warisnoicharoen, W., Patel, R. K., Kianfar, F., & Lawrence, M. J. (2017). Oil-in-water
microemulsions stabilized by 3-(N,N- dimethylalkylammonio)propanesulfonate surfactants of varying alkyl chain
length: solubilisation of testos-terone propionate. INTERNATIONAL JOURNAL OF PHARMACEUTICS.
https://doi.org/10.1016/j.ijpharm.2017.03.074
Citing this paper
Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volume/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.
General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.
•Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
•You may not further distribute the material or use it for any profit-making activity or commercial gain
•You may freely distribute the URL identifying the publication in the Research Portal
Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.
Download date: 05. Apr. 2019
Accepted Manuscript
Title: Oil-in-water microemulsions stabilized by 3-(N,N-
dimethylalkylammonio)propanesulfonate surfactants of
varying alkyl chain length: solubilisation of testos-terone
propionate
Authors: Chien-Ming Hsieh, Warangkana Warisnoicharoen,
Raju K. Patel, Farnoosh Kianfar, M. Jayne Lawrence
PII: S0378-5173(17)30261-2
DOI: http://dx.doi.org/doi:10.1016/j.ijpharm.2017.03.074
Reference: IJP 16546
To appear in: International Journal of Pharmaceutics
Received date: 15-11-2016
Revised date: 1-3-2017
Accepted date: 27-3-2017
Please cite this article as: Hsieh, Chien-Ming, Warisnoicharoen, Warangkana,
Patel, Raju K., Kianfar, Farnoosh, Lawrence, M.Jayne, Oil-in-water microemulsions
stabilized by 3-(N,N- dimethylalkylammonio)propanesulfonate surfactants of varying
alkyl chain length: solubilisation of testos-terone propionate.International Journal of
Pharmaceutics http://dx.doi.org/10.1016/j.ijpharm.2017.03.074
This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.
 1 
 
 
 
Oil-in-water microemulsions stabilized by 3-(N,N- 
dimethylalkylammonio)propanesulfonate surfactants 
of varying alkyl chain length: solubilisation of testos-
terone propionate 
 
 
 
 
2Chien-Ming Hsieh, 1Warangkana Warisnoicharoen, 2Raju K. Patel, 2Farnoosh Kianfar and 
2†M Jayne Lawrence 
 
 
 
 
1Department of Food and Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, 
Chulalongkorn University, Pathumwan, Bangkok 10330 Thailand 
 
2Department of Pharmacy, King’s College London, Franklin Wilkins Building, 150 Stamford 
Street, London, SE1 9NN, UK. 
 
 
 
 
† Corresponding author  
 
 
 
 
 
 
Keywords: 3-(N,N-dimethylalkylammonio)propanesulfonate; oil-in-water microemulsions; 
TP, ethyl ester oils  
 2 
ABSTRACT 
 
Solubilisation of the poorly-water soluble drug, testosterone propionate, in co-surfactant-
free, dilutable, oil-in-water microemulsions stabilized by zwitterionic surfactants of varying 
alkyl chain length, namely 3-(N,N-dimethyloctylammonio)propanesulfonate and 3-(N,N-
dimethyldodecylammonio)propanesulfonate and containing one of four ethyl ester oils, has 
been investigated. Both 3-(N,N-dimethyloctylammonio)propanesulfonate and 3-(N,N-
dimethyldodecylammonio)propanesulfonate-stabilized microemulsions containing two 
short chain length oils, ethyl butyrate and ethyl caprylate, while only 3-(N,N-
dimethyldodecylammonio)propanesulfonate formed microemulsions incorporating the 
longer chain length oils, ethyl palmitate and ethyl oleate, albeit to a very much reduced ex-
tent. Significantly the microemulsions containing the short chain length oils, ethyl butyrate 
and ethyl caprylate solubilised more testosterone propionate than the corresponding mi-
celles. However, an inverse correlation existed between testosterone propionate solubility 
in the bulk oil and solubilisation in the microemulsions, in that ethyl caprylate containing 
microemulsions solubilised more testosterone propionate than those containing an equiva-
lent amount of ethyl butyrate, despite the drug being more soluble in ethyl butyrate. These 
results suggest that drug solubility in bulk oil is a poor indicator of drug solubility in micro-
emulsions containing that oil, and whether or not the addition of oil improves drug solubility 
is dependent upon on how it is incorporated within the microemulsion. The longer the 
chain length of the oil, the more likely the oil is to form a core in the microemulsion droplet, 
resulting in an additional locus of drug solubilisation and the possibility of an enhanced 
solubilisation capacity. 
 
NOTE 
 
Oil-in-water (o/w) microemulsions are attractive vehicles for the solubilisation of water-
insoluble and sparingly water-soluble compounds for pharmaceutical application (Law-
rence and Rees, 2012). Previous research has shown that the apparent aqueous solubility 
of potent, low dose drugs of intermediate lipophilicity can be significantly enhanced when 
solubilised in an o/w microemulsion as opposed to the corresponding micellar solution 
(Malcolmson and Lawrence 1993, Malcolmson et al, 1998). The reason proposed for this 
is the presence of a core of oil in the microemulsion droplet can act as an additional locus 
of drug solubilisation, assuming that the drug exhibits a reasonable level of solubility in the 
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oil (Malcolmson et al., 1998) and, that the oil is present in a ‘fluid’ state inside the micro-
emulsion (Wasutrasawat et al., 2013). As shown by small angle neutron scattering studies, 
whether an oil forms a core in the microemulsion droplet is dependent upon both the 
amount of oil incorporated and the relative chain lengths of the oil and surfactant, with oils 
of comparable or longer chain length to the surfactant being more likely to form a core 
(Barlow et al., 2000; Hsieh, 2010; Wasutrasawat, 2014). 
 
Little work has been performed to investigate the effect of surfactant head group on the 
solubilisation of poorly water soluble drugs within o/w microemulsions. To date our group 
has reported on the ability of o/w microemulsions, prepared using a polyoxyethylene sur-
factant to solubilise drug (Malcolmson and Lawrence 1993, Malcolmson et al., 1998). The 
present study reports on the ability of surfactants possessing a zwitterionic ammoniopro-
panesulfonate head group, and either a C8 or C12 hydrocarbon chain, namely 3-(N,N-
dimethyloctylammonio)propanesulfonate and 3-(N,N-
dimethyldodecylammonio)propanesulfonate, to form o/w microemulsions containing a 
range of ethyl ester oils and for these microemulsions to solubilise testosterone propionate 
(mean water solubility of 0.0009+0.002 %w/w (Malcolmson et al., 1998); log P of 4.78 
(Craig, 1990)). The results are compared with the level of drug solubilisation obtained in 
the corresponding micellar solutions. Surfactants containing an ammoniopropanesulfonate 
head group was selected for study as this class of surfactant have previously been report-
ed to demonstrate a good solubilising capacity for both oil and drug (Hsieh, 2010: Saaka, 
2016). In addition, zwitterionic ammoniopropanesulfonate surfactants exhibit a number of 
pharmaceutical advantages, including little sensitivity towards salt and pH over a physio-
logically relevant range (Hsieh, 2010; Myers 2006). The aim of the present study is to un-
derstand how best to formulate a microemulsion to achieve an increase in drug solubilisa-
tion. 
 
Phase diagrams were constructed by preparing a large number of individual samples by 
simple mixing and stirring of the required amounts of oil (ethyl buturate (EB), ethyl capry-
late (EC), ethyl oleate (EO), ethyl palmitate (EP); Sigma chemical Co. Ltd, Dorset, UK), 
surfactant (3-(N,N-dimethyloctylammonio)propanesulfonate (DOAPS), 3-(N,N-
dimethyldodecylammonio)propanesulfonate (DDAPS); Fluka Chemica Ltd., Derbyshire, 
UK) and water (double distilled water from a well-seasoned, all glass still). When EO and 
EP were used as oils, the samples were heated to 70 °C for 15 minutes to speed up the 
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microemulsification process, which took an extended time to occur at room temperature 
with these oils. When EB and EC were used as oils, microemulsification occurred almost 
immediately at room temperature. All the resulting samples were stored at 22 2 oC in 
tightly-sealed glass containers. Samples that remained clear, non-birefringent, and fluid 
after one-month storage were classified as microemulsions. The level of drug (testos-
terone propionate (TP); Sigma chemical Co. Ltd, Dorset, UK) solubilisation at 22 2 oC in 
DOAPS and DDAPS micelles and microemulsions was determined as described by Mal-
colmson and Lawrence (1993). 
 
Figure 1 shows the ability of DOAPS and DDAPS to form o/w microemulsions with the four 
ethyl ester oils examined. All systems, with the exception of the DOAPS systems contain-
ing either EO or EP, formed microemulsions, albeit to greatly differing extents. As the oils 
all possess very similar densities, if the various oils were being incorporated into micro-
emulsions formed by the same surfactant in the same way, then the area of existence 
would be expected to be comparable, which clearly is not the case here. This result pro-
vides indirect evidence for different oils being preferentially located at different sites within 
the microemulsion droplets. In some systems (e.g. those containing DOAPS and EC), mi-
croemulsion formation did not occur until 35 %w/w surfactant was present. The maximum 
amount of oil solubilisation occurred at high surfactant concentrations of ~ 40-45 %w/w. 
These surfactant concentrations were far higher than those recorded for microemulsions 
containing the same oils but stabilized using dimethyldodecylamine-N-oxide, polyoxyeth-
ylene-10-dodecyl ether and the longer hydrophobic chain surfactant, polyoxyethylene-10-
oleyl ether, where solubilisation occurred over a much narrower range of surfactant con-
centrations, with maximum oil solubilisation typically occurring at ~ 20-25 %w/w (War-
isnoicharoen et al., 2000). These differences are likely to be a consequence of the surfac-
tant concentration range over which the corresponding micelles form. 
 
Both DOAPS and DDPAS solubilised the shortest chain oil, EB, to the greatest extent and 
DDAPS, the longest chain oil, EO, to the least extent. The inverse correlation between oil 
incorporation and molecular volume has previously been reported for a number of other 
C12 surfactants including polyoxyethylene and amine-N-oxide surfactants (Malcolmson 
and Lawrence, 1993; Warisnoicharoen et al., 2000). Significantly, in the present study, alt-
hough it was not possible to prepare o/w microemulsions at low surfactant concentrations 
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(i.e. < 5 %w/w) using the methodology described, it was possible to produce stable 
DOAPS and DDAPS microemulsions upon dilution with water. An important property if 
such microemulsion vehicles are to be used for drug delivery. 
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Figure 1: Partial triangular phase diagrams for o/w microemulsions formulated at 222 
o
C with 3-(N,N-
dimethyloctylammonio)propanesulfonate (○) or 3-(N,N-dimethyldodecylammonio)propanesulfonate () and 
containing either ethyl butyrate, ethyl caprylate, ethyl palmitate or ethyl oleate. Microemulsions are formed 
within the area between the abscissa and the boundary demarked by the line drawn on the phase diagram. 
On the abscissa, % w/w surfactant concentration increases from left to right while on the ordinate % w/w oil 
concentration increases from bottom to top. The apex of the triangle shown represents 100% w/w water. 
 
As anticipated the ability of the DOAPS and DDAPS micelles to solubilise TP increased 
with surfactant concentration over the range 5-35 %w/w (Table 1). The solubilisation ca-
pacity of the DDAPS micelles (~0.06 g/g), however, was approximately three times higher 
than that observed for the DOAPS micelles (~0.02 g/g) and is most likely the result of 
DDAPS’s ability to form larger sized micelles (Navarrette and Serrano, 1983; le Maire et al, 
2000). 
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Table 1: Solubilisation of testosterone propionate (TP) into 3-(N,N-dimethyloctylammonio)propanesulfonate 
(DOAPS) and 3-(N,N-dimethyldodecylammonio)propanesulfonate (DDAPS) micelles at 222 
o
C. 
 
Surfactant concentration 
(%w/w) 
%w/v drug solubilized +SD in micellar solutions 
DOAPS DDAPS 
5 0.155+0.033 0.787+0.058 
10 0.230+0.033 0.852+0.029 
15 0.373+0.004 0.863+0.021 
20 0.466+0.006 1.134+0.013 
25 0.509+0.008 1.515+0.106 
30 0.571+0.022 1.740+0.040 
35 0.734+0.018 2.044+0.026 
   
Solubilisation data obtained for TP can be converted from %w/v to mg mL
-1
 by multiplying by 10. 
 
Due to the high concentration of surfactant needed to form DOAPS and DDAPS micro-
emulsions, TP solubilisation was determined at surfactant concentrations of 35 %w/w (Ta-
ble 2). Regardless of the amount of oil added, TP solubilisation was greater in all micro-
emulsions studied compared to the equivalent micellar solution. Furthermore, EC contain-
ing DDAPS microemulsions solubilized TP to a greater extent than those containing EB at 
the same surfactant concentration (Table 2). TP solubilisation in EP and EO containing 
microemulsions was not investigated due to the poor ability of both DOAPS and DDAPS to 
form microemulsions containing these oils. Similarly TP solubilisation in DOAPS micro-
emulsions containing EC was not measured due to the extremely poor extent of micro-
emulsion formation observed in this system. 
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Table 2: Solubilisation of testosterone propionate (TP) into 3-(N,N-dimethyloctylammonio)propanesulfonate 
(DOAPS) and 3-(N,N-dimethyldodecylammonio)propanesulfonate (DDAPS) micelles and microemulsions 
containing 35% w/w surfactant at 222 
o
C. 
 
Amount 
of oil 
(%w/w) 
%w/v TP  
incorporated+SD in 
DOAPS  
microemulsions 
%w/v TP solubilised + SD in DDAPS  
microemulsions 
Ethyl butyrate      Ethyl butyrate Ethyl caprylate 
    Actual          Predicted Actual             Predicted     Actual           Predicted 
2 0.997+0.049
*
         1.11 2.160+0.009          2.42  2.676+0.024
*
            2.29  
4 1.080+0.003
*
         1.48 2.429+0.093
* 
         2.79  2.668+0.011
* 
           2.53  
6 1.291+0.020
*    
      1.85 2.682+0.054
*  
        3.16 3.253+0.040
*
            2.77  
8 1.384+0.060
*
         2.23 2.820+0.170
*
         3.54 3.496+0.002
*      
       3.02   
10 N/F 3.166+0.129
*
         3.91       N/F                     - 
12 N/F 4.071+0.038
*    
      4.28       N/F                     - 
14 N/F 4.149+0.029
*
         4.65       N/F                     - 
16 N/F 4.359+0.115
*   
       5.03       N/F                     - 
micelles 0.734+0.018 2.044+0.026 2.044+0.026 
        
Asterisk indicates a significant difference (p ≤ 0.01) between uptake into microemulsions and micelles at 
equivalent surfactant concentrations (n = 3). 
N/F = microemulsions not formed. 
No results obtained for EC containing DOAPS microemulsions due to very small microemulsion region ob-
tained. 
Solubilisation data obtained for TP can be converted from %w/v to mg mL
-1
 by multiplying by 10. 
 
 
Table 2 also shows the solubility of TP predicted in microemulsions assuming that the final 
solubility is determined solely by the drug’s solubility in the oil (EB ~ 18.6 %w/w; EC ~ 12.2 
%w/w; Malcolmson et al., 1998), assuming that the oil forms a distinct core in the micro-
emulsion droplet. Although the predicted solubility is greater in the EB-containing DDAPS 
microemulsions, the measured solubility is greater in the EC containing microemulsions, 
with the actual solubility achieved in the EB and EC containing systems being ~ 86% and 
114%, respectively of that predicted. This observation is undoubtedly a consequence of 
the different ways the two oils are incorporated into the DDAPS microemulsions with EC 
most likely forming a bigger core and therefore a larger additional locus of solubilisation. 
Interestingly, although the amount of TP solubilized increased with EB content in the 
DOAPS microemulsions, solubility decreased from ~ 89% of that predicted to ~ 62% as EB 
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content increased from 2 to 8 wt%. Correspondingly, there was no clear correlation be-
tween TP solubility in bulk oil and in the microemulsion. 
 
The present study suggests the ability of o/w microemulsion stabilized by the two ammoni-
opropanesulfonate surfactants to increase the solubilisation of TP depends upon the alkyl 
chain length of the surfactant, the amount of surfactant in the microemulsion, and the 
amount and nature of the incorporated oil – with the nature of oil incorporation plays a piv-
otal role in for drug solubilisation. 
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